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Abstract—In1the quest for a new SI traceable power 
measurement, we performed measurements of the radiation 
pressure of a radio-frequency (RF) electromagnetic field. There 
are several groups around the world investigating methods to 
perform more direct SI traceable measurements of RF power 
(where RF is defined to range from 100s of MHz to THz).  A 
measurement of radiation pressure offers the possibility for a 
power measurement traceable to the kilogram and to Planck's 
constant through the redefined SI. Towards this goal, we 
demonstrate the ability to measure the radiation pressure/force 
carried in a field at 2.45 GHz and 15 GHz using two different 
devices. 

Keywords—power measurements, radiation pressure, 
radiation force, new SI metrology 

I. INTRODUCTION 
One of the keys to developing new science and 

technologies is to have sound metrology tools and techniques. 
Fundamental to all electromagnetic (EM) and electromagnetic 
compatibility (EMC) measurements is having accurately 
calibrated probes, antennas, and power meters in order to 
measure either electric (E) fields or power.  A stated goal of 
international metrology organizations, including the National 
Institute of Standards and Technology (NIST), is to make all 
measurements directly traceable to the International System of 
Units (SI). The current method of power traceability is 
typically based on an indirect path through a thermal 
measurement using a calorimeter, in which temperature rise 
created by absorbed microwave energy is compared to the DC 
electrical power. This is traceable to quantum voltage, Hall 
resistance, and electronic charge.  

The world of measurement science is changing rapidly 
with the SI redefinition planned for late 2018. As a result of 
the shift towards fundamental physical constants, the role of 
primary standards must change. This includes power, which is 
currently traceable to electrical units through thermal 
detectors. Various groups are investigating different 
approaches to perform more direct SI traceable power 
measurements.  These include measurements based on 
Rydberg atoms [1]-[3] and measurement of power through the 
radiation pressure carried by an electromagnetic (EM) field [4-
5]. The Rydberg atom approach allows a direct SI traceable 

measurement through Planck's constant, while the radiation 
pressure approach allows for a SI traceable measurement 
through the kilogram. However, with the redefinition of the SI 
in late 2018, the kilogram will be directly traceable to Planck's 
constant [6]. 

Radiation pressure from laser power has been measured 
under a variety of conditions. However, at radio frequencies, 
we know of only one measurement [7] performed at a power 
level of ten’s of watts. However, that measurement was 
carried out with a torsion style balance which limits operation 
in practical measurement conditions, and precludes 
traceability to the kilogram through direct weighing of a 
calibrated mass.  The concept of measuring radiation pressure 
stems from the fact that EM fields carry a momentum as they 
propagate through space and this momentum results in an EM 
pressure expressed as (in units of N/m2) [8] 
 

     
c
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where the symbol “< >” represents time average, c is the speed 
of light in vacuo (in units of m/s), and E (in units of V/m) and 
H (in units of A/m) are the electric and magnetic fields. By 
measuring this pressure (via a force measurement), we can 
obtain a measurement of the RF power carried in the RF field. 
From this, it can be shown that when the EM field is normally 
incident on a device to measure force with a reflecting surface 
(i.e., a scale) the radiation force is given by (in units of N): 
 

     
2

12
RR

c
P

F      ,                   (2) 

 
where P (in units of W) is the RF power incident on the scale 
reflector, c is the speed of light in vacuo (in units of m/s), R is 
the reflectance of the surface, and  is the fraction of non-
reflected RF that is absorbed. In this experiment, we assume 
all of the non-reflected RF energy is absorbed, or  =1.  The 
factor of “2” in front of P is a result from the conservation of 
linear momentum.  
 

U.S. Government work not protected by U.S. copyright

Proc. of the 2018 International Symposium on Electromagnetic Compatibility (EMC Europe 2018), Amsterdam, The Netherlands, August 27-30, 2018.

386



Here we will discuss two sets of experiments with two 
different devices used to perform RF radiation pressure 
measurements at 2.45 GHz and 15 GHz. The first device 
allows for power measurements in the range of 2 W -to- 50 W, 
and the second device allows for measurements above 100 W.  

II. RADIATION PRESSURE MEASUREMENTS 
We used two different force measurement devices. The 

first device is a parallel-plate capacitor force sensor and the 
second device is a commercially available mass scale. 

A. Parallel-Plate Capacitor Force Sensor 
These experiments were performed at 15 GHz. A photo of 

the experimental setup is shown in Fig 1 and a block diagram 
in shown Fig. 2.  A signal generator (SG) feeds a 200 W 
amplifier with a WR62 waveguide output. The output was run 
through a filter and two isolators and then to a 
waveguide/coax adapter. A 0.5 m cable was used to connect to 
a second waveguide/coax adapter to feed a second waveguide 
section (the cable was used to isolate the pressure sensor from 
mechanical vibrations caused by the amplifier). The 
waveguide was connected to a directional coupler and then to 
the last section of waveguide (the “black” waveguide in the 
figure). The pressure sensor was connected to the output of 
this black section of waveguide.  

The radiation pressure device (shown in Fig. 3) is a 
capacitor-based force sensor. Upon reflection of the plane-
wave RF beam normally incident on an aluminum reflector, a 
force given by the change in momentum of the reflected beam 
deflects a silicon spring. This changes the plate spacing of a 
parallel-plate capacitor, which sets a Wien capacitor bridge 
out of balance producing a voltage signal. In these 
experiments, we drove the bridge with a 20 kHz, 1 V 
sinusoidal source and demodulated the bridge signal with a 
lock-in amplifier locked to 20 kHz using a 30 ms, 6 dB 
lowpass filter for noise suppression. We recorded the output of 
the lock-in amplifier with an oscilloscope set to AC and 
triggered to the modulation of the RF source.  

The spring itself is cut from crystalline silicon wafer. It 
includes a flat central disk, 20~mm in diameter, which 
supports the aluminum reflector on the front side (see Fig. 3) 
and a gold electrode on the back side. The disk is surrounded 
with three Archimedean spiral legs that are deep etched 
through the silicon wafer, connecting the central disk to an 
annular support for mounting. Given normal deflection of the 
spring, where the central disk moves along its surface normal, 
the spring stiffness is approximately 170~N/m. The radiation 
force on the spring from the reflected RF beam is given by 
eq. (2). 

The spring was clamped to a rigid aluminum back plate 
with a 30 m thick polyimide spacer. With no force acting on 
the spring, the capacitance between the spring and aluminum 
back plate was 255 pF. Ferrite beads and a low pass filter were 
used to isolate the bridge electronics from any potential RF 
leakage, which added 24 pF of parasitic capacitance to the 
sensor.  In this configuration, the signal sensitivity of the   
 

 
Fig. 1. Experimental setup for 15 GHz radiation pressure measurements. 

 
 

 
Fig. 2. Block diagram for experimental setup. 

 

 
Fig. 3.  Photo of the pressure sensor detached from the waveguide. 

sensor was approximately -.5 V/pF. With a thermocouple 
attached to the aluminum back plate, we were able to track the 
sensor temperature throughout RF beam injection. During the 
experiments, the output of the SG was varied such that the 
power (measured with a traditional power meter) at the output 
of the waveguide ranged from 0.12 W to 22.6 W. The RF 
pressure-sensor measured voltages for these different power 
levels are shown in Fig 4. Fig. 4(a) shows the signal versus 
time, where the RF power was modulated at 1 Hz, and 
Fig. 4(b) shows the signal voltage of the force sensor for 
different RF power levels.  The results in these figures 
illustrate that the radiated power can be detected with this 
pressure sensor. 

It is instructive to get an estimate of the values of forces 
the pressure sensor can detect. We do this by using eq. (2) and 
assuming a reflectance of R=0.90, as such eq. (2) reduces to: 
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Fig. 5 shows a plot of this function. For the power range of 
1 W to 23 W, we calculated the force range to be 6.3 nN to 
145.6 nN. For reference, a grain of maize pollen weighs 
approximately 2.5 nN; a RDA of vitamin B12 weighs 
approximately 23.5 nN; a human eyelash weighs 
approximately 686 nN; and a fruit fly weighs approximately 
1960 nN. These various forces are also shown in Fig. 5. Thus, 
we can detect a force that is equivalent to a grain of maize 
pollen or 300 times smaller than the gravitational force of a 
fruit fly. 
 
 

(a)  Signal voltage versus time. 

(b)  Repeated experiments at various power levels. 

Fig. 4: (a) Signal voltage from the pressure sensor, and (b) include repeated 
experiments.  

 
Fig. 5. RF power related to equivalent force (in units of nN). For comparisons, 
we shown weights of various quantities. 

B. Commercially Available Mass Scale 
These experiments were performed at 2.45 GHz and we 

tested the ability to measure the radiation pressure for RF 
powers on the order of a few hundred Watts. For a source, we 
used the magnetron from a commercially available microwave 
oven, which was rated at 1 kW. The magnetron was placed at 
one end of a WR430 (10.922 cm x 5.461 cm) open-ended 
rectangular waveguide. The open end of the waveguide was 
pointed at a commercially available mass scale. This scale is 
part of device referred to as a radiation pressure power meter 
(RPPM) designed for measuring laser power levels above 1 
kW [9]. 

Photos of the waveguide source and the experimental setup 
are shown in Figs. 6 and 7.  The experimental setup was 
placed in a metal enclosure because of the high power used 
during the experiments.  
  

 
Fig. 6. Magnetron/waveguide source. 

 
Fig. 7. Waveguide source and RPPM device. 

The RPPM is based on a force balance (scale) able to 
measure a horizontally-directed force with a mass resolution 
(readability) of ~ 100 nN (about 1/7 the weight of a human 
eyelash) and a 5 s rise time. An aluminum plate reflector was 
attached to the force sensing shaft of the scale. The plate had 
an area of 260 cm2, larger than the exit aperture of the 
waveguide. This plate was placed approximately 5 cm from 
the exit of the waveguide. With this large-area reflector 
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attached to the scale, the force readings were particularly 
susceptible to air currents. To mitigate this, a simple cardboard 
box was placed around the radiation pressure power meter (see 
Fig. 8). This helped to reduce the force noise from air currents, 
but restricted cooling of the scale, causing temperature-
dependent drifts of the scale reading with time. 
 

 
Fig. 8. Box placed around the pressure meter. 

When the magnetron was energized, it generated a 
significant amount of heat, some of which appears to have 
affected the reading from the RPPM. The force on the RPPM 
was measured and the power was obtained from eq. (2). The 
power measured by the RPPM for repeated microwave power 
injections (4-5 s duration) is plotted in Fig. 9. The exponential 
rise of the measured power is likely dominated by the RPPM’s 
rise time. The magnetron was not well-cooled in the test 
configuration and could only be run for 4-5 s due to 
overheating whereas the RPPM typically requires a 10 s 
injection for noise reduction.  For each injection, the RPPM 
reported the power as the peak measured power (after 
correcting for a downward drift due to thermal effects on the 
force sensor). Multiple measurements yielded the values 
shown in Fig. 10. These measured powers yielded an average 
power of about 375 W. As discussed below, this appears to be 
reasonable given the non-optimal operation without a cooling 
fan, potential waveguide losses, and some leakage of 
microwave power around the mirror. The 5 % standard 
deviation of repeated measurements is likely due to 
insufficient averaging of the RPPM signal, microwave heating 
of the force sensor, and possibly variability of the source 
power. 

In order to justify the measured power from the end of the 
waveguide obtained from the force measurement, we 
estimated the output power with a heat-capacity measurement.  
We placed 0.2 L of water at the opening of the waveguide, see 
Fig. 11. We measured the change in temperature ( T) for a 
given time interval ( t) with the magnetron turned on.  The 
output power from the waveguide can be approximated by 
 

t
T

Ckg
JL

L
kg(W) P 41842.0997.0  .      (4)  

          

We performed three sets of experiments and the average 
power we obtained was 365 W, also shown in Fig. 10.  We see 
that this number is only about 3 % different than the pressure 
measurements.  
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Fig. 9. Waveform from the power measured by the RPPM for eight different 
experiments. 
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Fig. 10. Multiple measurements for power yielding an average power of about 
375 W (the thick line). The dots are the power measurements from the eight 
data sets from Fig. 9. 

 
Fig. 11. Heat-capacity experiments, water placed at opening of the waveguide. 

III. SUMMARY 
We have demonstrated that it is possible to detect the 

radiation pressure carried by an RF field. We illustrated this 
by performing experiments at 15 GHz and 2.45 GHz using 
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two different force devices. A parallel-plate capacitor force 
sensor was used to measure power levels from 2 W to 20 W at 
15 GHz. A commercially available mass scale was used to 
measure power at 375 W at 2.45 GHz. The 2.45 GHz 
measurements were verified with a separate heat-capacity 
measurement. These types of power measurements could lead 
to a fundamentally new approach for calibrating RF power and 
lead to a new SI traceable approach for RF power. In future 
work, we will perform similar experiments at different RF 
frequencies and power levels, and we will calibrate the 
parallel-plate capacitor force sensor in order to give a direct 
measurement of the RF power carried in the EM field. 
Furthermore, this approach has the potential to measure power 
levels well above kWs. However, we hope to develop pressure 
sensors to measure much smaller power levels (<1 mW).   

Understanding the uncertainties of this technique is an 
important step if this method is to be accepted as a standard 
calibration approach. The various aspects that contribute to the 
uncertainties of this technique are currently being investigated. 
With that said, with the SI redefinition planned for late 2018, 
this new approach will allow for direct traceable power 
measurements with significantly improved uncertainties and 
frequency ranges over current approaches. This technique 
could potentially allow power measurements and calibrations 
from 1 mW to 1 MW regardless of frequency (from UV to 
RF) with one traceability chain. 

REFERENCES 
[1] C.L. Holloway, M.T. Simons, J.A. Gordon, P.F. Wilson, C.M. Cooke, 

D.A. Anderson, and G. Raithel, “Atom-Based RF Electric Field 
Metrology: From Self-Calibrated Measurements to Sub-Wavelength 
and Near-Field Imaging”, IEEE Trans. on Electromagnetic Compat., 
vol. 59, no. 2, 717-728, 2017. 

[2] J.A. Sedlacek, A. Schwettmann, H. Kubler, R. Low, T. Pfau and J.P. 
Shaffer, “Microwave electrometry with Rydberg atoms in a vapour cell 
using bright atomic resonances”, Nature Phys., vol. 8, 819, 2012. 

[3] C.L. Holloway, J.A. Gordon, A. Schwarzkopf, D.A. Anderson, S.A. 
Miller, N. Thaicharoen, and G. Raithel, “Broadband Rydberg Atom-
Based Electric-Field Probe for SI-Traceable, Self-Calibrated 
Measurements,” IEEE Trans. on Antenna and Propag. vol. 62, no. 12, 
6169-6182, 2014. 

[4] I. Ryger, P. Williams, N. Tomlin, A. Artusio-Glimpse, M. Stephens, M. 
Spidell, and J. Lehman, “Silicon Micromachined Capacitive Force 
Scale: The Way to Improved Radiation Pressure Sensing,” in 13th 
International Conference on New Developments & Applications in 
Optical Radiometry, NEWRAD, 2017.  

[5] P.A. Williams, J.A. Hadler, R. Lee, F.C. Maring, and J.H. Lehman, 
“Use of radiation pressure for measurement of high-power laser 
emission,” Opt. Lett., vol. 38, no. 20, 4248–4251, 2013.  

[6] “Redefining the kilogram”, 
https://www.nist.gov/pml/productsservices/redefining-kilogram,  2018. 

[7] A. L. Cullen, "Absolute power measurement at microwave 
frequencies," in Proceedings of the IEE - Part IV: Institution 
Monographs, vol. 99, no. 2, pp. 100-111, April 1952. 

[8] J.B. Marion and M.A. Heald, Classical Electromagnetic Radiation, 2nd 
Edition. Academic Press, 1980.  

[9] P.A. Williams, J.A. Hadler, F.C. Maring, R. Lee, K. Rogers, B. 
Simonds, M., Spidell, M. Stephens, A., Feldman, and J. Lehman, 
“Portable, high-accuracy, non-absorbing laser power measurement at 
kilowatt levels by means of radiation pressure,” Opt. Express 25, 4382–
4392, 2017. 

Proc. of the 2018 International Symposium on Electromagnetic Compatibility (EMC Europe 2018), Amsterdam, The Netherlands, August 27-30, 2018.

390



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


		2018-10-03T09:21:51-0400
	Preflight Ticket Signature




